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(57) Abstract 

The invention relates to a hearing aid, preferably a programmable hearing aid, having at least one microphone (1), at least one signal 
processor with at least one channel, an output amplifier (9) and an output transducer (10), at least one of me channels containing a signal 
processing circuit (4) with at least one percentile estimator (6) for the continuous determination or calculation of at least one percentile value 
of the input signal from a continuous analysis and evaluation of the frequency and/or amplitude distribution of the input signal, whereby 
the percentile value(s) serve either directly or indirectly as control signals for controlling the gain and/or the frequency response of the 
electronic processing circuit, the percentile estimator (6) consisting essentially of a comparator stage (12) with two inputs and two outputs, 
the first input being directly or indirectly connected to the input of the hearing aid, its two outputs controlling a first control stage (13) 
the output signals of which control a first integrator (14), the output of which, directly or indirectly, conveys a control signal to the signal 
processing circuit (5) and the second Input of the comparator stage. The invention comprises at least a second control stage (16) connected 
to the first control sage (13), and at least one additional integrator (17) controlled by the second control stage (16), the output of which is 
connected to a further input of the second control stage (16) and to a multiplier stage (15) interconnected between the first control stage 
(13) and the first integrator (14). 
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Hearing aid with improved percentile estimator 

Bakground of the invention 
The invention relates to a hearing aid, preferably to a programmable hearing 
aid having at least one microphone, at least one signal processor with at least 
one channel, an output amplifier and an output transducer, at least one of the 
channels containing a signal processing circuit with at least one percentile 
estimator for the continuous determination or calculation of at least one per- 
centile value of the input signal from a continuous analysis and evaluation 
of the frequency and/or amplitude distribution of the input signal, whereby 
the percentile value(s) serve either directly or indirectly as control signals 
for controlling the gain and/or the frequency response of the electronic 
processing circuit, the percentile estimator consisting essentially of a com- 
parator stage with two inputs and two outputs, the first input being directly or 
indirectly connected to the input of the hearing aid, its two outputs control- 
ling a first control stage the output signals of which control a first integrator, 
the output of which, directly or indirectly, conveys a control signal to the 
signal processing circuit and the second input of the comparator stage. 

Percentile estimators which may also be used in hearing aids, are known in 
principle from US-A 4.204.260. 

Clinical tests have shown, that the use of correctly fitted hearing aids, i.e. 
hearing aids with constant gain, independent of signal-levels, in noisy as 
well as quiet surroundings are superior to hearing aids with an automatic gain 
control, with respect to speech comprehension. However, while linear hearing 
aids require the user to adjust the volume control dependent on the actual 
listening environment, hearing aids with automatic gain control adapt them- 
selves to the environment and hereby clearly improve the ease-of-use. 
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Based on the clinical tests mentioned above, the percentile estimators have to 
work very slowly to achieve an almost constant gain for speech signals. This 
works very well if one s\ays in an environment, where ihe level of sound is not 
varying too much, but the long response times of the system will in some cases 
not adapt fast enough to changes in environment, resulting in phrases not being 
heard. 

A common : problem is the situation where ihe user of the hearing aid is 
yelling a message to a distant person. This will increase ihe percentile estimate 
and hence reduce ihe gain in the hearing aid. Since the percentile estimalor 
works slowly, the gain stays reduced for a while, and ihe hearing aid user v/ill 
not be able to hear the distant person answering, because the resulting output 
of the hearing aid will be very low, perhaps even below the user's hearing 
threshold level. 

On the other hand one could let the percentile estimators work fast, which 
obviously will make the system adapt faster to changes in environment, but ihe 
gain carfRen not be consi dered constant for ihe speech signals . The fast gain 
adjustment of the system will cause "pumping" -effects, which can be very 
annoying for the user, especially in noisy surroundings, and may result in loss 
of speech comprehension . 

In an automatic gain control system for hearing aids, percentile estimators, 
operating on Hie present signal in one or more channels may be used for con- 
trolling the gain of the electronic signal processors. Such a system is f.i. 
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disclosed in WO 95/\5668 of applicant. 
Summary of the invention 

It is an object of the present invention to create an improved percentile esti- 
mator, particularly for use in hearing aids of the kind referred to above, 
which makes it possible for the hearing aid to adapt fast to changes in the 
environment, while maintaining a slow response when operating on con- 
tinuous signals, e.g. speech signals in a steady environment. 

This is achieved in a hearing aid as referred to above in accordance with the 
present invention with a percentile estimator structure having at least a 
second control stage connected to the first control stage, and at least one 
additional integrator controlled by the second control stage, the output of 
which is connected to a further input of the second control stage as well as 
to a multiplier stage, interconnected between the first control stage and 
the first integrator* 

It is of particular importance that the second control stage supplies a recti- 
fied and scaled version of the predefined parameters of the first control stage, 
generating a positive control signal for the second integrator and a forward 
reset signal to said second integrator for establishing a predefined minimum 
value of said integrator whenever the output signal of the first control stage 
changes . 

Other characteristics of the invention and advantageous further embodiments 
thereof are subject of the remaining claims. 
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Brief description of the drawings 
In the drawings 

Fig. 1 shows a schematic circuit diagram of a multichannel hearing 
aid using percentile estimators; 

Fig. 2 shows Q'sthematic diagram of the principle of a percentile 
estimator; 

Fig. 3 shows, schematically, an improved percentile estimator for 
hearing aids with two levels in accordance with the present 
invention; 



Fig. 4 shows, schematically, an improved percentile estimator for 

hearing aids with three levels in accordance with the invention 
and 

Fig. 5 shows a diagram of the operation of a traditional percentile 
estimator in comparison with the operation of the improved 
percentile estimator on an actual sound example. 

Detailed description of a preferred embodiment of the invention 

Fig. 1 shows a principle circuit diagram of a multi-channel hearing aid with 
one microphone 1 and preamplifier 2, a band split filter 3 for splitting the 
signals into a number of channels (here 3 is shown), each having a signal pro- 
cessing circuit 4 consisting of a signal processor 5 and a percenHle estimator 
6, a register 7 for storing parameters related to the basic hearing aid perfor- 
mance, a summing circuit 8, an output amplifier 9 and a receiver 10. 

Fig. 2 shows the principle of a traditional percentile estimator 6 . Such per- 
centile estimators are known from US-A 4.204.260. 
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The input signal for the specific channel is led into a detector stage il, which 
is not essential for the operation of the percentile estimator, but is preferably 
used. It could include a rectification for determining the envelope of the input 
signal, and also a logarithmic conversion to obtain the envelope on a dB-scale, 
which is commonly used in hearing aids. The output signal from the detector 11 
is supplied to a comparator 12 with its two inputs connected to the output from 
the detector 1 1 and an integrator 14. 

The result of the comparison is supplied to the control stage 13, which in case 
of the output of the integrator 14 being greater than the output of the detector 
1 1 holds a predefined negative value at its output, causing a decrease of the 
value stored in the integrator 14, and in the opposite case holds a predefined 
positive value at its output, causing an increase of the integrator value. 

In this way the value present at the output of the integrator 14 will be a percen- 
tile estimate of the input signal of the detector 1 1 and the signal processor 5, 
the percentile value being dependent on the actual predefined values of the 
control stage 13. 

The output of the percentile estimator 6 is used for controlling the signal pro- 
cessor 5. Clearly, it is possible to include more than one percentile estimator 
6 in each channel and let the signal processor be controlled by all of these in 
combination. In that case,a combination and control logic may be used to 
combine the output signals of the different percentile estimators. 

Fig. 3 shows the principle of an improved percentile estimator in accordance 
with the invention. 

The traditional percentile estimator is modified with a multiplier 15, with its 
output supplying the integrator 14 and its inputs connected to the output of 
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the control stage 13 and the output of an integrator 17. The integrator 17 is 
controlled by a control stage 16 which includes a rectifier 21 and a gain block 
22for rectifying and scaling the predefined parameters of the control stage 13 
and. .thereby modifying the timing of the increase and decrease of the integra- 
tor 14 and thus the response time of the percentile estimator. 

The control stage includes a zero-cross detector 23 which provides a reset 
pulse for the integrator, which then resets to a predefined minimum value 
whenever the output from the control stage 13 changes, hence whenever the 
input* sound crosses the percentile estimator level. 

The control stage 16 further may include a comparator 24 for checking if the 
output of the integrator 17 is less than a predefined maximum allowable value 25, 
in which case the transmission control 26 passes the output of the gain block 22 
on to the integrator 17, and in the opposite case passes a value of zero or less 
on to the integrator 17 in order to prevent further increase of the integrator 
output. 

The effect is an "accelerating" percentile estimator. The short term percentile 
estimator response time is long, dependent on the minimum value of the inte- 
grator 17 and will be dominant when the environment is characterized by a rela- 
tively constant sound level, where the input sound level crosses the percentile 
estimate frequently. The long term response time is relatively short because of 
the acceleration, and this effect will be of use in cases where the sound level 
changes, e.g. when communicating with a distant- person, as mentioned earlier. 

Fig. 4 shows an expansion of the improved percentile estimator by another level 
by adding a multiplier 18 with its output supplying the integrator 17 and its 
inputs connected to the output of the control stage 16 and the output of an 



Printed from Mimosa 09:39:22 



WO 98/27787 



PCT/EP96/05623 



- 7- 

integrator 20, which again is controlled by a control stage 19 similar to 
control stage 16. 

Clearly it is possible to expand the number of levels in the improved percentile 
estimator even more than the three levels shown. 



For the traditional percentile estimator of Fig. 2 a percentile level of p 
percent is obtained by the following formula: 

p = 100 u/( u-d) 

where u is the upward integration value (positive) 

d is the downward integration value (negative) 

Both u and d in the formula above are defined by the predefined values of the 
control stage 13. 



In the improved percentile estimator, the integration£peeds are time dependent. 
The upward integration speed is determined by 



"result U * 



6 



<16 • H 



h 9 -H dt di 



and the downward integration speed is 



^result 



k 16* f+ 



k 19 . |d| dt. 



where k., and k._ are the scaling factors in the control stages 16 and 19. 
16 IV 
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In a "stationary" sound environment, i.e. when the percentile estimate is stable 
we have 

ju j ♦ r y = |d 1 1 55 constant 

where t and t , are the collective time intervals over this stable time period in 
a 



u 



which the integrator integrates upwards and downwards, respectively. 

This simplifies the integratiors in the formulas above, and yields the following 
expressions for the integration speeds of the improved percentile estimator: 

u . = u * k iz - luj »k lft * ful •t t 

result 16 19 1 1 u u 

~ Ur ' C 16*' C 19 constant 



d resuU = d * k 16'' d l' k 19* ,d '- t d 'd 
= d • k^ 0 constant 



Hence / for stationary environments, even though the integration speeds are 
time dependent, the percentile level can be obtained by the same formula as 
for the traditional percentile estimator, since a constant multiplied to the inte- 
gration speeds u and d does not change this formula. * 



Fig. 5 shows the function of a 2-leveI improved 90% percentile estimator with 

2 

an increase from a minimum odB/sec growing 207.36 dB/sec to a maximum of 

2 

57.6 dB/sec and a decrease from a minimum odB/sec growing 2,56 dB/sec to 
a maximum of 6.4 dB/sec. 

This is achieved by using a digital implementation with: 
a 32 kHz sampling frequency 

an upward integration step of u = 5e - 4 in the control stage 13 
a downward integration step of d = - 5e - 5 in the control stage 13 
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a scaling factor of k^ = 1 in the control stage 16 

a predefined minimum value of 0 of the integrator 17 

a predefined maximum allowable value of 4 of the integrator 17 

The function is compared with a traditional 90% percentile estimator with an 
increase of 14.4dB/sec and a decrease of 1 ,6dB/sec. 

The comparison is performed on an actual sound example with a duration of 
32 sees. The sound level is stepped down 20dB after approximately 7 sees to 
simulate a change of sound environment. 

Note that the improved percentile estimator, because of the increasing inte- 
gration speeoVadapts much faster to change in environment than the traditional 
one, with respect to sound level increases (see the first 2 seconds) as well as 
sound level decreases (see the signal behaviour around 7 seconds). 

Still, the improved percentile estimator behaves similar to the traditional one 
in the time range, where the percentile estimation in both cases has become 
"stationary", i.e. from approximately 20secs to 32secs. This is due to the 
signal crossing the output of the improved percentile estimator, which genera- 
tes a frequent reset of the integrator speed, and hereby keeps the response time 
of the percentile estimator long for this signal. 

Finally, it may be pointed out that all the parameters of control stages 13 and 
the scaling factors of control stages 16 and 19 may be preset, may be program- 
mable or may even be program controlled. 

The steady progress in the design of very highly integrated circuits may lead to 
an extremely compact design of hearing aids, incorporating not only the im- 
proved percentile estimators for one or several channels but also the micro- 
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processor and storage means for the necessary operational tools, such as 
algorithms . 

Furthermore it is to be understood that the register 7 in Fig. 1 should comprise 
all necessary control parameters for the control of the transfer characteristic of 
the hearing aid, possibly also for various different programmed or programmable 
environmental listening situations. 
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PATENTCLAIMS 

1 . In a hearing aid having at least one microphone (1) for providing an 
input signal , at least one signal processing channel (4) receiving and 
processing at least a portion of said input signal to produce at least 
one output signal, an output amplifier (9) for amplifying said at least 
one output signal, and an output transducer (10) responsive to the 
amplified output signal , said at least one channel including a signal 
processing circuit (5) for processing said input signal portion in accor- 
dance with an output signal from a percentile estimator (6),said per- 
centile estimator including a comparator stage (12) for comparing said 
input signal portion to an integrated value, a control circuit arrange- 
ment for providing an integrator control signal in accordance with the 
results of said comparison, and an ingetrator responsive to said integra- 
tor control signal for providing said integrated value to said comparator 
stage, and as said percentile estimator output to said signal processing 
circuit, characterized by a first control stage (13) responsive to an output 
from said comparator stage (12) for providing an integrator control signal 
representing a value and a direction of integration, a multiplier stage 
(15) for modifying said value of the integrator control signal of said con- 
trol stage (13), and by a second control stage (16) responsive to the 
integrator control signal of the first control stage (13) for controlling a 
second integrator (17) for providing a modification signal to the multi- 
plier stage (15). 

2. Hearing aid in accordance with claim 1, characterized in that the output 
of the second integrator (17) provides an integrated value signal to a 
further input of the second control stage (16). 
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3. Hearing aid in accordance with claim 1, characterized in that the 
second control stage (16) supplies a rectified and scaled version of 
predefined control parameters of the first control stage (13), genera- 
ting a positive control signal for the second integrator (17) and a 
forward reset signal to said second integrator (17) for establishing a 
predefined minimum value of said integrator (17) whenever the output 
signal of the first control stage (13) changes, 

4. Hearing aid in accordance with claims 1 and 2, characterized in that 
the second control stage (16) contains a zero- cross-detector stage (23) 
coupled between the input of said control stage (16) and a second 
input of the second integrator (17), providing the reset signal for said 
integrator (17) for resetting said integrator to a predefined minimum 
value, whenever the output of the first control stage (13) changes, 
hence whenever the input sound of the hearing aid crosses the percen- 
tile estimator value. 

5. Hearing aid in accordance with claim 1, characterized in that the second 
control stage (16) additionally comprises a rectifier stage (21), a gain 
block (22) and a transmission control stage (26) controlling the second 
integrator (17), for rectifying and scaling the predetermined control 
parameters of the first control stage (13) for controlling the second 
integrator (17), the output of which is connected with the input of the 
second control stage (16) by means of a comparator stage (24) for 
comparing its output with a predefined maximum allowable value (25) 

to control the passage of the output of the gain block (22) to the second 
integrator (17) by means of the transmission control stage (26). 
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6. Hearing aid in accordance with claim 1 , characterized by a third 
control stage (19) connected to the first control stage (13) for con- 
trolling a third integrator (20), and a second multiplier (18) connec- 
ted between the second control stage (16) and the second integrator 
(17) and also with the output of the third integrator (20), the output 
of which is further connected to the third control stage (19) for recti- 
fying and scaling the predetermined control parameters of the first 
control stage (13), generating a positive control signal for the third 
integrator (20) and a forward reset signal to said integrator for 
establishing a predefined minimum value of the integrator (20) when- 
ever the sign of the output signal of the first control stage (13) changes. 

7. Hearing aid in accordance with claim 1, characterized in that the 
values of the predefined parameters and/or the predefined scaling 
factors of the control stages (13, 16, 19) for the control of the inte- 
grators (14, 17, 20) may be preset, programmed or programcontrolled. 

8* Hearing aid in accordance with claim 1 characterized in that the 
values of the output signals of the control stages (13, 16, 19) may 
or may not be equal for the positive or negative changes to be effected 
in the integrators (14, 17, 20). 

9. Hearing aid in accordance with claim 1, characterized in that for 
the purpose of the continuous determination of a signal sequence 
from the input signal, a detector stage (11) is connected between the 
t input of the hearing aid and the input of the percentile estimator (6) 
for mathematical processing of the input signal by way of predefined or 
predefinable algorithms or calculating rules. 
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10. Hearing aid in accordance with claim 1, characterized in that for 
the purpose of the continuous determination of the envelope of the 
input signal, a rectifier is connected between the input of the hearing 
aid and the input of the percentile estimator (6) as a detector stage 

(in. 



1 1 . Hearing aid in accordance with claim 1 with at least two channels, 
characterized in that at least two percentile estimators (6) are con- 
nected in parallel in at least two parallel channels covering essentially 
ad jacent' frequency bands and in which the outputs of the integrators 
of these percentile estimators (6) of the respective channels are con- 
nected with the inputs of a combination and control logic, said com- 
bination and control logic being connected in rum to the signal 
processor (5) of the respective channel via at least one control line. 
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Fig. 2 
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Fig. 3 
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Fig. 4 
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